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Baker’s yeastAbstract In this study, Baker’s yeast strain (Saccharomyces cerevisiae) biomass was immobilized in
alginate extract 3% forming Biomass/Polymer Matrices Beads (BPMB). These beads were investi-
gated for chromium biosorption from aqueous solution. Factors such as solution pH, contact times,
temperature values, stirring rates, BPMB dosages and initial chromium ions concentrations were
experimentally tested using repeated-batch process to determine the sorption capacity for chromium
(VI) ions. Batch experiments were conducted at pH range from 1.5 to 7.5. The optimum pH value
was 3.5 for direct chromium removal. The effect of chromium concentration was studied using dif-
ferent concentrations from 200 to 1000 ppm. Freundlich’s isothermal model showed better repre-
sentation of data than Langmuir’s isothermal model with correlation coefﬁcient 0.922. The
maximum biosorption capacity of chromium was found to be 154 mg g1 at initial concentration
200 ppm under optimum conditions. At the end of the experiments, BPMB were investigated for
chromium biosorption from tannery efﬂuent sample. Results showed decrease in chromium concen-
tration up to 85%. The availability of recycling of the BPMB was also studied for three subsequent
cycles. The surface sequestration of metal ions by BPMB was characterized before and after metal
binding using a scanning electron microscope (SEM) equipped with an energy dispersive X-ray
analysis (EDXA) and FTIR spectroscopy in order to determine the mechanisms of chromium
biosorption.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Housing and Building
National Research Center. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Pollution by toxic metals is a global environmental problem.
Release of metals without proper treatment poses a serious
threat to public health because of the persistence, biomagniﬁ-
cations and accumulation in the food chain [1,2]. Chromium is
one of the toxic metals; it is dissipated into the environment
as a result of various industrial activities [3] such as.
romium
2 M.S. Mahmoud, S.A. Mohamedelectroplating, leather tanning, metal ﬁnishing and textile
industries [4]. Chromium in the aquatic environment has been
classiﬁed according to the US-EPA as Group A of human car-
cinogens [5,6]. Among its several oxidation states (e.g., diva-
lent, trivalent, pentavalent and hexavalent), trivalent (Cr3+
and CrOH2+) and hexavalent (HCrO4 and Cr2O7
2) species
of chromium are mainly found in these industrial efﬂuents.
Particularly, efﬂuents from electroplating and leather tanning
facilities contain chromium at concentrations ranging from
tenths to hundreds of milligrams per liter (mg L1) [7–9].
Cr6+ is known to be a strong oxidizing agent and a potential
carcinogen, so, it is very toxic to both plants and animals [10]
whereas Cr3+ is an essential nutrient for plant and animal
metabolism [11]. Although Cr3+ is less toxic than Cr6+,
long-term exposure to a high concentration of Cr3+ may cause
poisoning symptoms such as allergic skin reactions [12]. Also,
the oxidation of Cr3+ would be produced during storage and
sometimes through the tanning process. Chromium can
replace other metals in biological systems with toxic effects
[13]. Therefore, the discharge of Cr6+ to surface water is reg-
ulated to <0.05 mg/L, according to the US-EPA, whereas
the total chromium (containing Cr3+, Cr6+ and other forms
of chromium) is regulated to be discharged at <2 mg/L [14].
Tanneries are typically characterized as pollution intensive
industrial complexes which generate widely varying and high-
strength wastewater. Major problems are due to wastewater
containing heavy metals, toxic chemicals, chloride, lime with
highly dissolved and suspended salts and other pollutants. In
Egypt, the tannery wastewater is discharged directly to the
main domestic sewage pipeline without proper treatment
which adds difﬁculties to the sewer system and to the wastew-
ater treatment plants [15]. Due to the harmful effect of chro-
mium on human and living organisms, in addition to the
cost of the chromium metal it is suggested to be recovered
from the tanning wastewater [16].
Many conventional techniques including chemical precipi-
tation, membrane separation, ion exchange, reverse osmosis
and solvent extraction have been employed for the treatment
of metal bearing industrial efﬂuents [17]. However, these meth-
ods consume high amounts of energy and large quantities of
chemical reagents. Furthermore, these are not economically
viable because of high operating cost or difﬁculty in treating
the solid wastes generated [18,19].
These constraints have caused the search for alternative,
cost-effective technologies for metal sequestering to environ-
mentally acceptable levels. In regard of its simplicity andFig. 1 Alginic a
Please cite this article in press as: M.S. Mahmoud, S.A. Mohamed, Calcium algina
bioremediation, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.06.003high-efﬁciency characteristics even for a minute amount of
metals, biological methods such as microbiological detoxiﬁca-
tion of polluted water are looked upon as a better technology
[20].
Several types of biomasses have been investigated for their
use in wastewater treatment for metal removal, such as yeast,
bacteria and fungi [21]. One of the most ubiquitous biomass
types available for bioremediation of metals at low pH is yeast.
Yeast biomass is inexpensive and readily available.
Furthermore, yeast cells retain their ability to remove a broad
range of metals under a wide range of external conditions [22].
In particular, they are the convenient objects for such studies
since some strains were found to be capable of growing at high
concentrations of chromium and some of adsorbing or accu-
mulating signiﬁcant quantities in the cells and transforming
them into less toxic forms [23–29].
An important part of the studies on biosorption is based on
the immobilization. Immobilization is such a process by which
the whole cell or the metabolites such as enzymes are attached
on to natural or synthetic insoluble polymeric materials such
as calcium alginate, and polyurethane foam. It is generally nec-
essary and provides additional advantages over freely sus-
pended cells. These included easier handling, requiring less
complex separation systems, allowing a high biomass density
to be maintained, the microbes can withstand increased stress
like change in pH and temperature. Immobilized microbes
were tested in their efﬁciency for metal removal and provide
a greater opportunity for reuse and recovery [30].
Alginic acid (C6H8O6)n white to yellow, ﬁbrous powder
hetero-polysaccharide is composed of two types of Uronic
acid: a-L-Glucuronic acid unit (G) and b-D-Mannuronic acids
unit (M) and is found in many algal species especially inside
the brown algae as shown in Fig. 1. This carboxylic polyelec-
trolyte is soluble in aqueous solutions and precipitates in the
form of a co-acervate in the presence of multivalent metal ions
such as Ca2+, Co2+, Fe2+, Fe3+ and Al3+. The presence of
carboxylic groups in the alginate structure enhanced the heavy
metal ion adsorption capacity [31]. Finally resulting in metal
entrapped in bead like structures, these beads are stripped of
metal ions by desorption which can be recycled and reused
for more subsequent cycles [32,33].
The present work elucidates the bioremediation capacity
of Biomass/Polymer Matrices Beads (BPMB) to remove
Chromium ions from aqueous solution and from tannery
wastewater efﬂuent. Also, the availability of BPMB was to
be recycled under controlled experimental conditions. SEMcid structure.
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ization of chromium on the surface of cells and FTIR was used
to determine the functional groups involved in the interaction
with chromium ions.
Materials and methods
Adsorbate solution and efﬂuent source
Potassium Dichromate (K2Cr2O7) MWt. 294.18 was used as a
source of synthetic chromium ions solution. The aqueous
stock solution (1000 ppm) of Cr6+ was prepared by adding
3.928 g from Potassium Dichromate salt into 1 L of Doubled
Distilled Water (DDW). The solutions of different concentra-
tions (200–1000 ppm) required for the adsorption studies were
prepared by dilution of the stock solution to the desired
concentration.
Raw wastewater samples from tannery efﬂuents of
Elmontaza Tannery, Ain El Sira, Cairo, Egypt, were collected.
The efﬂuent samples were collected in plastic bottles and ﬁl-
tered through ordinary ﬁlter paper to remove large suspended
particles. The ﬁltered efﬂuents were stored in a refrigerator at
4 ± 1 C until use and analyzed within 8 h. The physicochem-
ical characteristics of tannery wastewater sample are listed in
Table 1.
Microorganism and immobilization technology (adsorbent)
The puriﬁed strain of Baker’s yeast (S. cerevisiae) was obtained
from the Regional Center for Mycology and Biotechnology
(RCMB), Al-Azhar University. The isolate was identiﬁed
using the most documented keys in fungal identiﬁcation [24].
The strain was also aerobically sub-cultured in 500-ml conical
ﬂasks with 150 ml sterilized Potato Dextrose Broth (PDB) con-
taining (g/l): Potato (peeled) 200 g; Dextrose 20 g and DDW
1.0 L. Rotary-shaker incubation at 180 rpm and 28 C was
normally terminated in the late exponential phase of culture
growth unless mentioned otherwise. The cell mass was
obtained by the same procedure followed by overnight oven
drying at 60 C.Table 1 Physicochemical characteristics of raw tannery
wastewater sample.
Character Wastewater
sample
Constituents Wastewater
sample
Color Green Chromium
(mg L1)
280
Color
absorbance k:
460 nm
1.926 Lead (mg L1) 17
pH 3.9 Chemical oxygen
demand (COD)
(mg L1)
870
Total dissolved
solids (TDS)
(mg L1)
46,690 Biological oxygen
demand (BOD)
(mg L1)
330
Oil and grease
(mg L1)
42 Phosphorous
(mg L1)
27
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chloride (CaCl2) were used to prepare Biomass/Polymer
Matrices Beads (BPMB) according to the method described
by El-Naggar et al. [34]. Sodium alginate solutions (3% w/v)
were prepared by mixing the ﬁne sodium alginate powder with
distilled water while stirring. The alginate gel solution was kept
in refrigerator for half an hour; then a Baker’s yeast biomass
dose was added while mixing and then the mixture was kept
in refrigerator for half an hour and added drop wise into
100 ml of 2% CaCl2 solution under gentle stirring at
25 ± 3 C. Biomass/Polymer Matrices Beads (BPMB) were
formed into equal size unites of spheres ranged from 2.0 to
3.0 mm upon contact with the cross-Linker solution. The
formed BPMB were washed several times with DDW then
dried at 60 C for two hours and were used as a good
adsorbent to remove chromium ions from wastewater in a
batch biosorption experiments.
Assays of biosorption experiments
Biosorption studies were carried out in 500 ml Erlenmeyer
ﬂasks, as follows: Pre-weighted BPMB was immersed in
100 ml of metal bearing solutions either synthetic solutions
containing chromium ions or raw tannery wastewater samples.
Batch adsorption experiments were conducted at different con-
ditions viz., pH (1.5–7.5), contact times (0–1440 min), temper-
ature values (10–50 C), stirring rates (0–500 rpm), BPMB
dosages (0.05–1 g/100 ml) and initial chromium concentration
(200–1000 ppm). The samples were then ﬁltered through ﬁlter
paper size 42 and the concentrations of metal ions were deter-
mined by using atomic absorption spectrophotometer.
Consequently, it was decided to control pH in all equilibrium
sorption experiments by adding miniscule amounts of nitric
acid (HNO3) 0.1 N or sodium hydroxide (NaOH) 0.1 N. The
amount of metal ion adsorbed by the biosorbent at equilib-
rium (Qe, mg g
1) was calculated as follows:
Qe ¼ C0  Ce
m
 V
where (V) is the reaction volume (L), and (m) is the amount of
dry biosorbent (g). The percent removal (%) of metal ion was
calculated using the following equation:
Removal % ¼ C0  Ce
C0
 100
where (C0) and (Ce) are the initial and residual ion concentra-
tions (mg L1), respectively.
Analytical methods and equipment used in the study
– T70+ UV/VIS Spectrophotometer – PG instruments Ltd
was used for colorimetric spectrophotometer measurements
according to Standard Methods for the examination of
water and wastewater [35].
– An Environmental Scanning Electron Microscope SEM
(Inspect S. FEI Company, Holland) provided with EDXA
analysis was used to characterize the BPMB.
– Functional groups in BPMB were determined by the
Fourier transform infrared (FTIR) spectroscopy
(Shimadzu S 201 PC spectrophotometer – Japan) in the
transmittance % mode in the range 4000–400 cm1.te as an eco-friendly supporting material for Baker’s yeast strain in chromium
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Scientiﬁc ICE 3000 series, AAS spectrometer – Thermo
Scientiﬁc) was used for metal analysis.
– EUTECH pH-700 instrument Singapore meter was used for
measuring pH values.
– Environmental Shaker (GFL 3018 Model) and VELP
Scientiﬁca JLT6 leaching test Jar test was used for batch
adsorption experiments.
– Millipore (Elix) UV-Milli-Q Advantage A 10 System: –
DDW from Millipore Instrument was used throughout
the study.
– All glassware used in the experiments was ﬁrst washed with
10% nitric acid to eliminate any trace of residual metals.
Biosorption/desorption studies
The reusability of BPMB was studied for three consecutive
cycles. The accumulated beads after each cycle were eluted
using 0.05 N HNO3 for one hour on a rotary shaker
(150 rpm). Then the beads were washed with bi-distilled water
three times until the pH of washing reaches 6–6.5.
Results and discussion
The biosorption capacity of metal ions is expressed by the
uptake percentage and the speciﬁc uptake (Q). In this study,
batch experiments are used to determine the afﬁnity and the
capacity of the BPMB toward chromium sorption from syn-
thetic solution and from tannery efﬂuent wastewater under dif-
ferent experimental parameters which affects the biosorption
study. These parameters include pH, temperature values, stir-
ring rates, BPMB dosages, chromium ions concentrations
and contact times. BPMB were investigated for its ability to
remove chromium ions from solution [36].
Effect of pH
Batch experiments were occurred at chromium concentration
200 ppm (100 ml), 0.1 g of BPMB, Stirring 250 rpm, 25 C
for 2 h at a starting pH of 1.5–7.5. Obtained results indicated
that the solution pH is one of the most important factors con-
trolling the biosorption studies as shown in Fig. 2. The uptake
percent is increased as pH of the solution increased up to pH
value of 3.5 after which the uptake percent was decreased with
increasing the pH value. Maximum uptake capacity of Cr6+
was obtained at pH 3.5 reaching 77% and 154 mg g1. These0 1 2 3 4 5 6 7 8
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Fig. 2 Effect of solution pH on the biosorption process.
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BPMB could take place in two mechanisms. Metal ions can
be attracted by the negative charge of the cell component.
This electrostatic binding is non-speciﬁc and it is only inﬂu-
enced by the valence of the ion. The second mechanism is
speciﬁc binding of metal to the reactive sites on the cell.
Results and explanation were in agreement with Zille et al.
[37] and Zulﬁkar and Setiyanto [38].
Effect of contact times
Batch experiments were studied at chromium concentration
200 ppm (100 ml), pH 3.5, 0.1 g of BPMB, Stirring 250 rpm,
25 C at different contact times (0–1440 min). Results showed
that the hexavalent chromium concentration decreases from an
initial value to an equilibrium value provided the contact time
is sufﬁcient. The time needed to reach equilibrium is deﬁned as
‘‘equilibrium time’’. Results showed that the uptake capacity
of Cr6+ ions increased with contact time till two hours and
then the uptake capacity does not show any signiﬁcant increase
as shown in Fig. 3. These results indicated that the kinetics of
biosorption of metal ions consisted of two phases; the ﬁrst was
an initial rapid phase where biosorption was fast due to ﬁxed
number of active sorption sites. The second phase was slower
as the competition for decreasing availability of active sites
intensiﬁes by the metal ions remaining in solution (whose con-
tribution to the total metal biosorption was relatively small).
Results and explanation were in agreement with Low et al.
[39] and Awofolu et al. [40].
Effect of temperature values
Batch experiments were investigated at chromium concentra-
tion 200 ppm (100 ml), 0.1 g of BPMB, Stirring 250 rpm for
2 h at wide range of temperature between 10 and 50 C.
Results showed that the maximum uptake capacity of Cr6+
is observed at temperature range between 25 C and 50 C
where about 77%, 154 mg g1 and 80.5%, 161 mg g1 were
accumulated, respectively as shown in Fig. 4. In agreement
to our results, Aksu et al. [41] and Kefala et al. [42] indicated
that the temperature seemed not to inﬂuence the biosorption
performances in the range of 20–50 C. At low temperature
the rate of biosorption decreased. The increase in biosorption
of metal ions with the increase of temperature indicated that
the metal ions removed by BPMB are mainly adsorption
phenomena because the temperature of the adsorption
medium could be important for energy dependent mechanisms
in metal biosorption by microorganisms. Energy independent0 150 300 450 600 750 900 1050 1200 1350 1500
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Calcium alginate as an eco-friendly supporting material 5mechanisms were less likely to be affected by temperature since
the processes responsible for biosorption were largely physico-
chemical in nature.
Effect of stirring rates
Batch experiments were done at chromium concentration
200 ppm (100 ml), pH 3.5, 0.1 g of alginate beads, 25 C at dif-
ferent stirring rates from static to 500 rpm for 2 h. Results
showed that the maximum uptake capacity 77%, 154 mg g1
and 79.5%, 159 mg g1 were obtained at stirring rates 250
and 500 rpm, respectively. The minimum uptake capacity
was showed at low stirring rates (0 rpm and 100 rpm), respec-
tively as shown in Fig. 5. Results indicated that, the uptake of
metal ions increased with the increase of stirring rate. This
ﬁnding is in complete conﬁrmation with Ting and Sun [43].
They suggested that the stirring made good distribution for
the adsorbent in the metal ion solution and hence, increased
the chances for metal ion to be adsorbed on the adsorbent sur-
face. A high stirring rates over long times may result in the
release of metal ions adsorbed on the surface and degradation
of the adsorbent.
Effect of biomass weights
Batch experiments were done at chromium concentration
200 ppm (100 ml), pH 3.5, Stirring 250 rpm and 25 C at dif-
ferent BPMB dosages from 0.05 g to 1 g for 2 h. Results
showed that there was an increase in the uptake percentage
of Cr6+ with the increase in BPMB dosages. While the
biosorption capacity (Q) was decreased with the increase in
BPMB dosages and the best uptake capacity was shown at bio-
mass weight of 0.1 g, it achieved 77.0% and 154 mg g1as
shown in Fig. 6. This ﬁnding is in complete conﬁrmation with
Kuyucak and Volesky [44]. They suggested that as the biosor-
bent mass increased, the increase in the uptake percent may be0
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Fig. 5 Effect of stirring rates on the biosorption process.
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face area for the heavy metal ions while the decrease in speciﬁc
uptake may be due to interference between the binding sites.
So the optimum dosage should have high removal % and high
speciﬁc uptake.
Effect of initial ion concentrations
Batch experiments were studied at pH 3.5, Stirring 250 rpm,
0.1 g of BPMB, 25 C (100 ml) at different concentrations
(200–1000 mg L1) of Cr6+ for 2 h. Results showed that, 0.1
gram of biosorbent could ﬁx 77.0%, 53.8% and 53.4% from
200, 500 and 1000 ppm Cr6+ solutions, respectively. Results
also showed that one gram of dry weight of biosorbent could
accumulate 154, 269 and 534 mg of Cr6+ from 200, 500 and
1000 ppm solutions, respectively as shown in Fig. 7. Results
obtained showed that the amount of Cr6+ accumulated
increased with the increase in Cr6+ concentrations. The
increase in speciﬁc uptake could be explained by with a ﬁxed
adsorbent weight the competition of metal ions on the biosor-
bent surface was increased and so, increased in metal ions
accumulated until reach saturation of active sites. The decrease
in the uptake percent could be explained by at lower initial
metal ion concentrations, sufﬁcient adsorption sites are avail-
able for adsorption. However, at higher concentrations the
numbers of ions are relatively higher compared to the avail-
ability of the adsorption sites. Almost similar explanation
was also reported by Ilhan et al. [45].
Isothermal analysis
Isotherms are the equilibrium relations between the concentra-
tion of the adsorbate on the solid phase and its concentration0 200 400 600 800 1000
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Fig. 7 Effect of chromium concentrations on the biosorption
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order to develop an equation which accurately represents the
results and could be used for design purposes. Langmuir and
Freundlich models are among the most common isotherms
describing solid–liquid sorption systems. The application of
the Langmuir model and the Freundlich equation to the exper-
imental data showed that the Freundlich model ﬁtted well with
the experimental data (R2 = 0.922) than Langmuir’s model
(R2 = 0.707) as shown in Table 2 and Figs. 8 and 9. Similar
results have been reported in some literatures’ isotherms
[33,46].
Treatment of raw tannery wastewater
Treatment of raw tannery wastewater by BPMB in a batch sys-
tem was studied. The pH was ﬁrstly adjusted to 3.5 ± 0.02.
Results also showed decrease in chromium concentration up
to 85%. This could be also explained by the presence of active
sites available for metal uptake. These results and explanations
were in agreement with that reported in the immobilized mass
by [47,48].
Recycling or reusability
Recycling or reuses of BPMB were studied for tannery wastew-
ater treatment. Results showed decrease to some extent in the
biosorption capacity through recycling process. The efﬁcacy in
chromium ions removal was decreased from 85%, 238 mg g1
to 64%, 179.2 mg g1 at ﬁrst cycle to third cycle, respectively
as shown in Fig. 10. This could be explained by the blocking
in some free active biosorption sites of BPMB available for
metal ions uptake to some extent. Further addition of raw
wastewater resulted in competition of metal cations for com-
plexation with the active biosorption binding sites leading to
decrease in the uptake process. These results and observations
were paralleled to that obtained by Sag et al. [48].
Examination of biosorbent by Scanning Electron Microscope
(SEM)
To understand the mechanism of complex metal–biosorpent
interactions, it is important to determine the location of the
chromium relative to the BPMB. SEM is widely used to study
the morphological features and surface characteristics of the
biosorbent material. It also reveals the surface texture and
porosity of the biosorbent. Scanning electron microscopy
equipped with energy dispersive X-ray analysis was used for
the biosorption study. SEM was done for BPMB after treat-
ment of raw tannery wastewater at magniﬁcation power
130· as shown in Fig. 11. The BPMB surface appears on the
electron micrograph as a halo surrounding shows multipleTable 2 Functional isotherms parameters for chromium biosorptio
Functional parameters
C0 Ce Qe log Ce log Qe
200 46 154 1.662758 2.187521
500 231 269 2.363612 2.429752
1000 466 534 2.668386 2.727541
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EDXA (energy dispersive X-ray analysis) is a useful instru-
ment to evaluate the compositional characteristics after the
biosorption of metal ions. The spectra recorded in spot proﬁle
mode, indicate the presence of C, O, Na, Pb and Cr onto the
BPMB surface as shown in Fig. 12. We can suggest that C
and O peaks are due to X-ray emissions from the polysaccha-
rides present in the cell wall of the yeast biomass localized in
BPMB. In addition Na, Pb and Cr peaks indicate the binding
of metal ions onto the BPMB surface. So, the SEMn.
Ce/Qe Langmuir’s R
2 Freundlich’s R2
0.298701 0.707 0.922
0.858736
0.872659
te as an eco-friendly supporting material for Baker’s yeast strain in chromium
Fig. 11 Scanning electron micrograph of BPMB after the biosorption process.
Fig. 12 EDXA analysis for BPMB micrograph.
Fig. 13 FT-IR spectrum for control BPMB.
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Fig. 14 FT-IR spectrum for treated BPMB.
8 M.S. Mahmoud, S.A. Mohamedmicrograph demonstrated the highest afﬁnity for metal ions by
BPMB [50–52].
Fourier Transform Infrared Spectrometry (FT-IR)
Another investigation related to the biosorption phenomenon
is FT-IR. It is used for the determination of functional groups
in organic materials in frequency range from 500 to
4000 Cm1. FT-IR is carried out to BPMB before (Control)
and after tannery wastewater treatment (Treated). BPMB were
then dried to almost nil moisture and send for FT-IR analysis.
Spectral region consists of a set of peaks. This analysis had
eventually conﬁrmed the binding sites available for the
biosorption and this binding sites (functional groups) in rela-
tion to biosorption occurred and to change in chemical compo-
sition. The active binding sites are suggested as phosphoryl
and carboxyl groups. From Figs. 13 and 14 we could ﬁnd that
the most signiﬁcant sharp bands were in the regions of 3394.72,
2924.09, 2862.36, 1647.21, 1543.05, 1404.18, 1307.74 and
1045.42 cm1 correspond to C–O stretch (Carboxylic acids
or Esters), amino, amides (RCONHR) and sulfonate Strong
broad dimer OH (Carboxylic acids) groups are responsible
for the binding of chromium ions. Also, FTIR study indicates
that hydroxyl group; CH2 asymmetric stretch, amide I, amide
II, amide III and phosphate were the functional groups for
these bindings [53–55].
Conclusion
Bioremediation of chromium is of special interest, because this
metal is involved in a number of industrial applications. In this
study, Baker’s yeast cells were immobilized in alginate extract
to form BPMB. Our ﬁndings revealed that these beads offer
excellent potential for chromium removal from contaminated
sites with concentrations ranging between 200 and
1000 mg L1. Parameters such as the pH of the solution, initial
concentration, biosorbent dosage and contact times have a sig-
niﬁcant inﬂuence on the biosorption process. Biosorbent can
remove chromium up to 77% for synthetic solution and 85%
for raw tannery wastewater. Biomass/polymer matrices beads
can also be recycled with a little decrease in their efﬁciencies
for three subsequent cycles. Comprehension of chromiumPlease cite this article in press as: M.S. Mahmoud, S.A. Mohamed, Calcium algina
bioremediation, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.06.003elimination mechanism by biomass/polymer matrices beads is
important for targeting the process of chromium bioremedia-
tion and also for minimizing treatment costs. Results obtained
from this study are well described by Freundlich isotherm
model and to a lower degree by Langmuir isotherm model.
Scanning electron microscope (SEM) observations and FTIR
analysis allowed us to infer that the mechanism takes place
during the biosorption process.Conﬂict of interests
The authors declare that there are no conﬂicts of interest.References
[1] Y.T. Wang, C. Xiao, Factors affecting hexavalent chromium
reduction in pure cultures of bacteria, Water Res. 29 (1995)
2467–2474.
[2] S. Sultan, S. Hasnain, Reduction of toxic hexavalent chromium
by Ochrobactrum intermedium strain SDCr-5 stimulated by
heavy metals, Bioresour. Technol. 98 (2) (2007) 340–344.
[3] P. Pattanapipitpaisal, N.L. Brown, L.E. Macaskie, Chromate
reduction and 16S rRNA identiﬁcation of bacteria isolated from
a Cr(VI)-contaminated site, Appl. Microbiol. Biotechnol. 57
(2001) 257–261.
[4] J. Yang, M. He, G. Wang, Removal of toxic chromate using
free and immobilized Cr(VI)-reducing bacterial cells of
Intrasporangium sp. Q5–1, World J. Microbiol. Biotechnol. 25
(2009) 1579–1587.
[5] M. Costa, Potential hazards of hexavalent chromate in our
drinking water, Toxicol. Appl. Pharmacol. 188 (2003) 1–5.
[6] J. Barnhart, Occurrences, uses, and properties of chromium,
Regul. Toxicol. Pharmacol. 26 (1997) S3–S7.
[7] K. Virendrakumar, R.K. Sharma, Travel of chromium pollution
to ground Wat. – a case study, J. Eng. 64 (1984) 124–127.
[8] D.L. Xi, Y.S. Sun, X.Y. Liu, Environment Monitor, Advanced
Education Press, Beijing, 1996, pp. 2–3.
[9] M. Faisal, S. Hasnain, Microbial conversion of Cr(VI) into
Cr(III) in industrial efﬂuent, African J. Biotechnol. 3 (11) (2004)
610–617.
[10] S. Park, W.Y. Jung, Removal of chromium by activated carbon
ﬁbers plated with copper metal, Carbon Sci. 2 (1) (2001) 15–21.
[11] R.A. Anderson, Chromium as an essential nutrient for humans,
Regul. Toxicol. Pharmacol. 26 (1997) S35–S41.te as an eco-friendly supporting material for Baker’s yeast strain in chromium
Calcium alginate as an eco-friendly supporting material 9[12] E. Rudolf, M. Cervinka, The role of biomembranes in
chromium (III) induced toxicity in vitro, ATLA, Altern. Lab.
Anim. 33 (2005) 249–259.
[13] N. Ahalya, T.V. Ramachandra, R.D. Kanamadi, Biosorption of
heavy metals, Res. J. Chem. Environ. 7 (4) (2003) 11.
[14] M.N. Saifuddin, P. Kuruaran, Removal of heavy metal from
industrial wastewater using chitosan coated oil palm shell
charcoal, Electron. J. Biotechnol. 8 (1) (2005) 43–53.
[15] H.M. Abdulla, E.M. Kamal, A.H. Mohamed, A.D. El-
Bassuony, Chromium removal from tannery wastewater using
chemical and biological techniques aiming zero discharge of
pollution. Proceeding of Fifth Scientiﬁc Environmental
Conference, Springer, 2010, pp. 171–183.
[16] S. Kocaoba, G. Akin, Removal and recovery of chromium
and chromium speciation with MINTEQA2, Talenta 57 (2002)
23–30.
[17] F.J. Alguacil, M. Alonso, F. Lopez, A. Lopez-Delgado,
Chemosphere 72 (2008) 684–689.
[18] W. Bahaﬁd, N.T. Joutey, H. Sayel, N. EL Ghachtouli,
Mechanism of hexavalent chromium detoxiﬁcation using
Cyberlindnera fabianii yeast isolated from contaminated site in
Fez (Morocco)., J. Mater. Environ. Sci. 4 (6) (2013) 840–846,
ISSN: 2028-2508.
[19] G. Durai, M. Rajasimman, Biological treatment of tannery
wastewater – a review, J. Environ. Sci. Technol. 4 (1) (2011) 1–
17.
[20] A.R. Shakoori, A. Rehman, R.U. Haq, Bull. Environ. Contam.
Toxicol. 72 (2004) 1046–1051.
[21] S.V. Padma, D. Bajpai, Phyto-remediation of chrome(VI) of
tannery efﬂuent by Trichoderma sp., Desalination 222 (2008)
255–262.
[22] L.B. Villegas, M.J. Amoroso, L.I.C. De-Figueroa, Copper
tolerant yeasts isolated from polluted area of Argentina, J.
Basic Microbiol. 45 (5) (2005) 381–391.
[23] H. Ksheminska, T.M. Honchar, G.Z. Gayda, M.V. Gonchar,
Cent. Eur. J. Biol. 1 (2006) 137–149.
[24] C.P. Kurtzman, J.W. Fell, The Yeasts, A Taxonomic Study,
fourth revised ed., North Holland Publ. Co., Amsterdam, 2000.
[25] K.J. Blackwell, I. Singleton, J.M. Tobin, Metal cation
uptake by yeast, Appl. Microbiol. Biotechnol. 43 (1995) 579–
584.
[26] B. Muneer, F.R. Shakoori, A. Rehman, A.R. Shakoori,
Chromium resistant yeast with multi-metal resistance isolated
from industrial efﬂuents and their possible use in microbial
consortium for bioremediation of wastewater, Pakistan J. Zool.
39 (5) (2007) 289–297.
[27] S. Murugavelh, D. Vinothkumar, Removal of heavy metals
from wastewater using different biosorbents, Curr. World
Environ. 5 (2) (2010) 299–304.
[28] D. Brady, J.R. Duncan, Bioaccumulation of metal cations by
Saccharomyces cerevisiae, Appl. Microbiol. Biotechnol. 41
(1994) 149–154.
[29] B. Volesky, H.A. May-Philips, Biosorption of heavy metals by
Saccharomyces cerevisiae, Appl. Microbiol. Biotechnol. 42
(1995) 797–806.
[30] K. Tsekova, D. Todorova, S. Ganeva, Removal of heavy metals
from industrial wastewater by free and immobilized cells of
Aspergillus niger, Int. Biodeterior. Biodegrad. 64 (2010) 447–
451.
[31] S. Lakhvinder, R.P. Asalapuram, L. Ramnath, K.R.
Gunaratna, Effective removal of Cu2+ ions from aqueous
medium using alginate as biosorbent, Ecol. Eng. 38 (1) (2012)
119–124.
[32] H.K. Alluri, S.R. Ronda, V.S. Settalluri, J.S. Bondili, V.
Suryanarayana, P. Venkateshwar, Biosorption: an eco-friendly
alternative for heavy metal removal, African J. Biotechnol. 6
(25) (2007) 2924–2931.Please cite this article in press as: M.S. Mahmoud, S.A. Mohamed, Calcium algina
bioremediation, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.06.003[33] A. Tiwari, P. Kathane, Superparamagnetic PVA-alginate
microspheres as adsorbent for Cu2+ ions removal from
aqueous systems, Int. Res. J. Environ. Sci. 2 (7) (2013) 44–53.
[34] M.Y. El-Naggar, S.A. El-Assar, A.Y. Youseff, N.A. El-Sersy,
E.A. Beltagy, Extracellular b-mannanase production by the
immobilization of the locally isolated Aspergillus niger, Int. J.
Agri. Biol. 8 (1) (2006) 57–62.
[35] Standard methods for the examination of water and wastewater,
21st ed. J. Am. Water Works Assoc. (AWWA), Washington,
D.C., 2005.
[36] J.M. Tobin, C. White, G.M. Gadd, Metal accumulation by
fungi: applications in environmental biotechnology, J. Ind.
Microbiol. 13 (1994) 126–130.
[37] A. Zille, F.D. Munteanu, G.M. Gu bitz, A. Cavaco-Paulo,
Laccase kinetics of degradation and coupling reactions, J. Mol.
Catal. B Enzym. 33 (2005) 23–28.
[38] M.A. Zulﬁkar, H. Setiyanto, Adsorption of congo red from
aqueous solution using powdered eggshell, Int. J. Chem. Tech
Res. CODEN (USA) 5 (4) (2013) 1532–1540.
[39] K.S. Low, C.K. Lee, K.P. Lee, Sorption of copper by dye-
treated oil-palm ﬁbers, Bioresour. Technol. 44 (1993) 109.
[40] O.R. Awofolu, J.O. Okonkwo, R.R. Merwe, J. Badenhorst, E.
Jordaan, A new approach to chemical modiﬁcation protocols of
Aspergillus niger and sorption of lead ion by fungal species,
Electron. J. Biotechnol. 9 (4) (2006) 340–348.
[41] Z. Aksu, U. Acikel, T. Kustal, The biosorption of copper (II) by
Chlorella vulgaris, Environ. Technol. 13 (1992) 579–586.
[42] M.I. Kefala, A.I. Zouboulis, K.A. Matis, Biosorption of
cadmium ions by actinomycetes, Environ. Pollut. 104 (1999)
283–293.
[43] Y.P. Ting, G. Sun, Use of polyvinyl alcohol as a cell
immobilization matrix for copper biosorption by yeast cells, J.
Chem. Technol. Biotechnol. 75 (2000) 541–546.
[44] N. Kuyucak, B. Volesky, Biosorbents for recovery of metals
from industrial solutions, Biotechnol. Lett. 10 (2) (1998) 137–
142.
[45] S. Ilhan, M.N. Nourbakhsh, S. Kilicarslan, H. Ozdag, Removal
of chromium, lead and copper ions from industrial waste waters
by Staphylococcus saprophyticus, Turkish J. Elect. Biotechnol. 2
(2004) 50–57.
[46] R. Muhammad, R. Nadeem, M.A. Hanif, T.M. Ansari, K.U.
Rehman, Pb (II) biosorption from hazardous aqueous streams
using Gossypium hirsutum (Cotton) waste biomass, J. Hazard.
Mater. 161 (2009) 88–94.
[47] S.K. Chatterjee, I. Bhattacharjee, G. Chandra, Biosorption of
heavy metals from industrial waste water by Geobacillus
thermodenitriﬁcans, J. Hazard. Mater. 175 (2010) 117–125.
[48] Y. Sag, A. Yalcuk, T. Kutsal, Use of a mathematical model for
prediction of the performance of the simultaneous biosorption
of Cr (VI) and Fe (III) on Rhizopus arrhizus in a semi-batch
reactor, Hydrometallurgy 59 (2000) 77–87.
[49] M.Y. Arica, Y. Kacar, O. Genc, Entrapment of white-rot fungus
Trametes versicolar in Ca-alginate beads: preparation and
biosorption kinetic analysis for cadmium removal from an
aqueous solution, Biores. Technol. 80 (2001) 121–129.
[50] C. Bertagnollia, A. Uhartc, J.C. Dupinc, M.G. Carlos da Silvaa,
E. Guibalb, J. Desbrieresc, Biosorption of chromium by alginate
extraction products from Sargassum ﬁlipendula: investigation of
adsorption mechanisms using X-ray photoelectron spectroscopy
analysis, Biores. Technol. 164 (2014) 264–269.
[51] A. Cabuk, S. Ilhan, C. Filik, F. Caliskan, Pb2+
biosorption by pretreated fungal biomass, Turk. J. Biol. 29
(2005) 23–28.
[52] G.M. Gadd, M. Gharieb, L.M. Ramsay, J.A. Sayer, A.R.
Whatley, C. White, Fungal processes for bioremediation of toxic
metal and radionuclide pollution, J. Chem. Techno. Biotechnol.
71 (1999) 364–366.te as an eco-friendly supporting material for Baker’s yeast strain in chromium
10 M.S. Mahmoud, S.A. Mohamed[53] A. Hammaini, A. Ballester, F. Gonzalez, M.L. Blazquez, J.A.
Munoz, Activated sludge as biosorbent of heavy metals.
Biohydrometall. and the environment toward the mining of
the 21st century, Int. Biohydrometall. Sympos. 99 (1999) 185–
192.Please cite this article in press as: M.S. Mahmoud, S.A. Mohamed, Calcium algina
bioremediation, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.06.003[54] H. Lefebvre, N. Vasudevan, M. Torrijos, K. Thanasekaran, R.
Maletta, Halophilic biological treatment of tannery soaks liquor
in a sequencing batch reactor, Water Res. 39 (2005) 1471–1480.
[55] Z. Song, C.J. Williams, R.G.J. Edyvean, Sedimentation of
tannery wastewater, Water Res. 34 (2000) 2171–2176.te as an eco-friendly supporting material for Baker’s yeast strain in chromium
